The Environment Power System Analysis Tool (EPSAT) is being developed to provide engineers with the ability to assess the effects of a broad range of environment interactions on space power systems. A unique User Interface-Data Dictionary code architecture oversees a collection of existing and future environment modeling codes (e.g., neutral density) and physical interaction models (e.g., sheath ionization). The User Interface presents the engineer with tables, graphs, and plots which, under supervision of the Data Dictionary, are automatically updated in response to parameter change. EPSAT thus provides the engineer with a comprehensive and responsive environmental assessment tool, and the space scientist with a framework into which new environmental or physical models can be easily incorporated.
I. INTRODUCTION
The Environment tower &stem Analysis Tool (EPSAT) is being developed to provide space power system design engineers with an analysis tool for determining system performance of power systems in both naturally occurring and self-induced environments. The program, which is funded by SDYSLKT and directed by NASA/Lewis Research Center, has as its major goal development of an easy-to-use CAE tool general enough to provide a vehicle for technology transfer from space scientists and engineers to power system design engineers. This paper presents the results of the project through the first year of its 3-year development program.
The high-power space systems envisioned for SDI will interact with their environment far more severely than the low-voltage, low-power space systems flown to date. At a minimum, these interactions include: ionization and bulk breakdown, plasmainduced surface flashover, oxygen erosion, meteor and debris damage, and radiation effects. Previously, engineers needing to assess the system impact of these interactions were forced to perform separate calculations and analysis for each interaction and then attempt to piece the intermediate results together. This made system analysis time-consuming and unreliable and made extensive system tradeoff studies nearly impossible.
EPSAT is being developed to provide engineers of space power systems with system analysis capabilities. The program consists of four major areas. These are:
(1) Identify the relevant power systems envisioned for SDI applications and determine which environment-power system interactions are most likely to be important in the operation of the space systems. (2) Identify existing modeling codes and start development on new codes needed for modeling environment-power system interactions. A separate detailed analysis phase will follow to determine the accuracy of the analysis codes and relevance of the interactions to the design of highpower systems for the space environment.
(3) Develop a modem, robust CAE tool to provide a natural framework to integrate newly developed or existing modeling software into a comprehensive analysis tool with a modem user interface. (4) Determine deficiencies in modeling capabilities, material properties, etc., relevant to environment-power system interactions and recommend corrective steps.
II. CAE TOOL ARCHITECTURE
A useful CAE tool provides engineers with the necessary design information for the systems under consideration. While this seems obvious, it places severe requirements on software design. SDI configurations are still in the conceptual design phase; hence, power system designs, requirements, and planned applications evolve with time. A power-system environment-interactions CAE tool must be capable of absorbing changes and extensions quickly and reliably. To meet this need, EPSAT has been designed for change. The interface is user friendly and easily modified. The code is highly structured with calculational modules that can be altered or replaced. New modules can be added to give new results or build on results from other modules. All facets of the CAE tool, from the way information is presented to the user to the physical models used in the calculations, are easily changed. A unique architecture has been designed to provide this capability and is discussed in this section.
The EPSAT approach separates the CAE tool into three distinct functional units: a modem user interjace to present information, a data dictionary interpreter to coordinate analysis, and a data base for storing system designs and results of analysis. This structure is shown in Fig. 1 .
The user interface is extemally programmable through ASCII data files, which contain the location and type of information to be displayed on the screen. The information being displayed to the user can be changed while EPSAT is running. Besides aiding in development, this approach provides great flexibility in tailoring the look and feel of the code to meet individual user's needs. The user interface has utilities for table generation, line plotting, contour plotting, and perspective plotting as shown in Fig. 2 .
To use the CAE tool, the user makes menu selections to display screens of infomation. These contain information such as the ambient plasma density. ..) Fig. 1 The modem design of EPSAT allows for extension and change. The user interface (VI) presents data to the design engineer through menus, screens, and graphics. Screen definition files tell the screen handler which data items are to be displayed on the screens. The data dictionary interpreter (DDI) receives data requests from the screen handler and uses a rule book, the data dictionary, to find recipes to consttllct the desired data. Both the U1 and the DDI are extemally programmable through ASCII files, as shown schematically in the figure.
function of altitude or mission time could be generated using this utility. Tables can be viewed directly, saved as an ASCII file, displayed as a plot, or saved as a PostScript * plot file.
A similar utility generates contour plots for slices of data. If the user modifies a value on a screen, the change is recorded and the screen is updated to reflect this change as well as any other changes in displayed quantities that are dependent on the modified variable. This is the typical mode of interaction between the user and EPSAT: change a parameter (or vary it over a range for a plot or table) and examine the effect on dependent quantities. This ability of being able to vary any quantity and watch its effect on any other quantity is the power of the data dictionary approach used in EPSAT.
The data dictionary interpreter coordinates the analysis. It provides data requested by the user interface and insures that it is up-to-date with all of the data on which it depends. This is Fig. 2 The EPSAT user interface presents information to the user through screens, line plots, perspective plots, contour plots and tables.
*PostScript is a trademark of Adobe Systems Incorporated.
accomplished by examining an ASCII file, the data dictionary, for recipes listing dependencies of data items and how to compute new values if required If data needs to be computed, then the appropriate analysis modules are called and their results stored in the data base. In this way, complex multi-step calculations are reduced to a Series of independent recipes, each building on xesults determined by other recipes. Similarly, incorporation of new analysis modules is reduced to adding a recipe in the DDI containing the information on how the module is to be used. This increases both the speed of module incorporation and reliability. Fig. 3 shows an example of the data dictionary method.
The data dictionary interpreter uses a data dictionary (see fig. 3 ) which lists data items (left of the colon) and the other data items on which it depends (right of the colon). From this list a dependency stack is created as shown. In this example, "A" is being requested and the dependency stack is used to check to see if the value for "A" stored in the data base is up-to-date. This requires checking all the data items "F',,"E","D","G","C", and "B" to see if they are up-to-date. This is accomplished by starting at the bottom of the stack and working up, checking the date the quantity to the left of the colon was computed against the dates (if any) the quantities to the right of the colon were computed. This method insures "A" will be up-to-date and only necessary calculations are performed The tree in fig. 3 shows the structure of calculation. Each node represents an entry in the data dictionary.
r!auwMm [To Produce **All
Resolve Data Requests Fig. 3 The data dictionary interpreter uses a data dictionary to prepare a dependency stack. Starting at the bottom and working up, data items are checked and recomputed if they are out-ofdate.
An important feature of the architecture shown in fig. 1 is the clean separation of the data dictionary, which performs the calculations, from the user interface, which presents the information to the user. The user interface makes data requests (such as "get plasma density") to the data dictionary and, as shown in fig. 3 , the data is prepared and retumed (such as " plasma density 3*1010 "). This simple communication channel allows flexibility in the implementation of the CAE tool. As shown in fig. 4a , the standard configuration (as intended for EPSAT) is to install both the user interface and the data dictionary interpreter on a work station. However, if calculations beyond the ability of a work station are needed, then the user interface can be installed on a local CPU (such as a PC or work station) and the data dictionary on a mainframe as shown in fig. 4b . This allows the local CPU to provide the quick screen manipulation and graphics and the mainframe to do the numerical processing. Moreover, the data dictionary architecture naturally supports Fig. 4 The EPSAT architecture can be configured in several ways depending on the particular needs: (a) In the standard configuration, the entire CAE tool resides on a single work station. (b) An alternate configuration is to have the user intdace and data dictionary running independently.
multiple processors as shown in fig. 4b . The same information that was used to prepare the stack can be used to dynamically allocate multiple processors. This is a feature of producing a calculational stack and is independent of the particular calculations being done. Large multi-step calculations need not be designed to make use of several processors; this will automatically result from the breakup of the calculation into steps and the use of a data dictionary.
m. ENVIRONMENT AND POWER SYSTEM INTERACTION MODELS
In this section, the environment interactions affecting power system operations are discussed along with a brief discussion of how these models are incorporated into EPSAT. Table 1 shows the categories of environments and their corresponding effects on power systems. fig. 5 .
A method of characteristics calculation is used to determine the quitting surface where free flow begins. The density in the backflow region is then determined by adding all the straight line paths back to the quitting surface where the distribution function is known. Surface shadowing and single collision corrections can be added to this model. The modeling concept used here is to concentrate the calculations on the important areas. Table 2 shows the models currently in EPSAT along with additional models to be incorporated during the second half of the project.
Models Currently In EPSAT To Be Incorporated
Slmplifiad Obrcl G*nnnon Symwm Ga"mUon Module Table 2 Power system-environment simulation models in EPSAT.
IV. SUMMARY
The Environment Power System Analysis Tool, EPSAT, will provide the design engineer with the capability to perform complex system aadeoff studies quickly and reliably. This is possible because of the unique design utilizing a data dictionary and modem user interface, which allow for extension and change. This approach guarantees that EPSAT will meet the evolving needs of space power system design engineers.
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